The organization of the brain network enables its function. Evaluation of this organization has revealed that large-scale brain networks consist of multiple segregated subnetworks of interacting brain areas. Descriptions of restingstate network architecture have provided clues [ 4 1 5 _ T D $ D I F F ] for understanding the functional significance of these segregated subnetworks, many of which correspond to distinct brain systems. The present report synthesizes accumulating evidence to reveal how maintaining segregated brain systems renders the human brain network functionally specialized, adaptable to task demands, and largely resilient following focal brain damage. The organizational properties that support system segregation are harmonious with the properties that promote integration across the network, but confer unique and important features to the brain network that are central to its function and behavior.
Descriptions of brain connectivity have long recognized the order in the seemingly chaotic network architecture of the brain [7, 8] . Theoretical and applied research has highlighted the presence and importance of subnetwork segregation alongside global integration across the brain network, leveraging observations in both computational and non-human animal models [3, 9] . Consideration of the relationship between network organization and network function has incorporated observations derived from human imaging to reveal the importance of network integration in human brain networks [10] . I bring together here a collection of recent human brain network observations that collectively demonstrate the importance of maintaining segregated subnetworks in the brain (for an effective summary of the initial observations documenting the presence of human brain subnetworks see [11] ). In the sections that follow I reveal how the analysis of large-scale functional brain networks in humans has provided evidence for the benefits of subnetwork segregation. I also highlight how subtle deviations in the patterns that maintain segregated subnetwork organization can be disruptive to brain function and cognition, even in ostensibly healthy networks. In doing so, I will demonstrate how synthesizing
Trends
Resting-state functional correlation networks contain large-scale communities of interacting brain regions. Several of these communities correspond to distinct functional systems of the brain.
The segregation of resting-state brain systems differs across the lifespan, from infancy through old age, and in relation to cognitive ability.
Nodes in different topological positions within a brain system exhibit distinct processing roles. These distinctions in node function are related to the corresponding [ 4 5 0 _ T D $ D I F F ] system segregation of the brain network.
Successful task performance results in temporary de-segregation of task-relevant brain systems.
Neurologic and psychiatric dysfunction can be associated with differences in system segregation, depending on the locus and extent of damage.
System segregation is a promising biomarker of intervention, reflecting a summary measure of the large-scale network organization of the brain. these recent and diverse observations illuminates our understanding of the brain, and generates unique and novel predictions about brain function and behavior.
Organizational Units of Networks
It is important to first review and establish how networks and their properties are formally analyzed. Progress in the science of complex networks and the mathematics of graph theory have provided brain researchers with a language and framework with which to both describe and interpret the organization of brain networks [12, 13] . In its simplest form, a network consists of a collection of items or objects (nodes) and the pairwise relationships between them (edges). A consequence of this generality is that a network model can represent the interactions among collections of people, proteins, computers, neurons, or even verbs in a piece of literature [13] . Numerous descriptions have documented how network analysis has aided in understanding the patterns of connections among the nodes of numerous real-world networks [2, 14] . While there are multiple measures and ways to quantify and describe the organization of a network and the interactions of its nodes, my focus here will be on the modular organization that is often revealed in networks [15, 16] . A modular network exhibits a 'clustering' of its nodes into multiple distinct subnetworks. At a connectional level, the subnetworks exhibit dense connectivity among nodes within each of the subnetworks, and sparser connectivity between nodes in different subnetworks ( Figure 1 , Key Figure) . Subnetworks can go by many names, and are often referred to as modules (not to be confused with Fodor's concept of modules in cognitive psychology [17] ), communities, or clusters. For consistency, I will use the term 'community' to refer to a subnetwork in the remainder of this article.
Before examining the specific examples of communities in brain networks, we should not only carefully consider the connectivity patterns that define community organization but also understand how this organization is vulnerable to disruption. As mentioned earlier, the pattern of connections required for exhibiting community organization is seemingly simple. Dense connectivity within communities allows nodes within each of the communities to easily interact with one another, while sparser connectivity between communities allows the communities to remain relatively independent from one another. This distinction in proportion of connections within versus between communities is a prerequisite for maintaining a necessary balance between functional segregation and global integration across a network [3] . Altering the connections that maintain community organization can not only be beneficial for network function (e.g., to promote greater interaction between communities that are distinct and/or carry out specialized functions within a network) but can also have unanticipated consequences which are sometimes undesirable. At one end of the spectrum, diminished connectivity between communities of a network can result in loss of important interactions between nodes across communities or even isolation of an entire community itself (i.e., disconnection); at the other end of the spectrum, excessive connectivity between network communities may result in the loss of compartmentalization or specialization of a community (Figure 1 ).
The Segregated Communities of a Brain Network Correspond to Functionally Specialized Brain Systems
Early application of network methods to measures of brain connectivity involved in vivo tracing and neurophysiological recordings in non-human animals [9, [18] [19] [20] . Technological advances in noninvasive imaging have enabled the application of network analyses to anatomical and functional interactions of the human brain. At present, the spatial resolution of non-invasive brain imaging in humans predominantly limits network descriptions to the level of cortical brain areas and subdivisions of subcortical structures [21] . Reports of anatomical brain networks have been derived from estimates of region-to-region fiber bundles defined using mathematical models of magnetic resonance images sensitive to the diffusion of water [22] . Functional network descriptions have
Glossary
Brain network: a set of brain information processing units (e.g., neurons, areas) and the relationships between them. The relationships can be anatomical (e.g., a synapse or a fiber bundle) or functional (e.g., correlations of neurophysiological signals during task performance or at rest). Brain system: a group of functionally related brain areas that subserve distinct but interconnected processing roles (e.g., the visual system, the default system, the frontal-parietal control system). Community: a group of nodes in a network that are densely connected with one another, but are more sparsely connected with other nodes. Often used interchangeably with subnetwork/module/cluster/ group. Complex networks: networks that exhibit features that are neither regular nor random. Connector node: a node that exhibits a relatively large proportion of connections that are distributed across nodes in communities other than its own; connector nodes can be hubs. Graph theory: the branch of mathematics concerned with the properties of graphs: structures that model the pairwise interactions (edges) between objects (nodes). Graphs are often used to represent networks. Hub: a hub is a central or influential node in a network, typically because of its pattern of connections or spatial position in the network. Modular: in networks, a network that is composed of separate groups of nodes or subnetworks. Modularity: as a network measure, quantifies the degree to which a network or graph is divided into distinct communities. The calculation of modularity compares the fraction of connections that fall within the given communities of a network compared to the expected fraction if the connections were distributed at random across the network (e.g., Q [16] ). Resting-state functional correlation (RSFC): quantification of the relationship between two regions of the brain when the subject is not performing a task (i.e., at rest); constrained by, but also distinct from, measures of anatomy. Often measured using functional magnetic resonance imaging which is sensitive to variation in the blood oxygen leveldependent (BOLD) signal over time. Segregation: the amount of partitioning between distinct communities of a network. Formally calculated as the difference in withinversus between-community connections, relative to the withincommunity connections [39] . Segregation is similar to the modularity measure but different in that it directly quantifies the proportions of both within-and between-community connections that are present in the network. Topography: the spatial arrangement of physical features across a map or location (e.g., areas in the brain). Topology: the physical arrangement of the nodes and edges of a network.
been generated for multiple modalities of information (e.g., magnetoencephalography [23] , electroencephalography [24] , multiunit recording [25] ), although the majority of research has employed time-series correlation of the blood oxygen level-dependent (BOLD) signal, measured either during performance of goal-directed tasks (e.g., [26] ) or during rest [27] .
My focus here will largely be on the wealth of observations that have been obtained in human brain networks defined by resting-state functional correlations (RSFCs) of BOLD time-series. Regions that 'coactivate' with one another in the context of goal-directed tasks exhibit correlations of their lower-frequency BOLD time-series in the absence of task [27] . These statistical relationships are correlated with local field potentials (reviewed in [28] ), providing evidence for a neural source of the correlated BOLD signals. RSFCs are statistically malleable on multiple timescales, not only over development and aging [29] but also in relation to changes in the processing demands of the brain at shorter timescales [30] [31] [32] . As such, RSFCs are hypothesized to reflect a statistical history of coactivation that are sculpted over the lifespan of the individual [21] , and represent an important functional architecture that is distinct in part from its anatomical underpinnings [33] [ 4 5 1 _ T D $ D I F F ] . Accordingly, network edges defined by RSFC represent statistical relationships between brain regions which should not be confused with physical connections. Although I will occasionally use the term 'connection' to refer to RSFC relationships, it is important to be mindful of this distinction as it has implications for interpreting the brain network observations that follow.
Examination of RSFC networks obtained from healthy younger adults reveals the presence of multiple distinct and distributed communities of interacting brain regions (Figure 2A ). The spatial arrangement (topography) of these communities includes sets of brain regions that are anatomically proximal to one another as well as sets of brain regions that are distributed across the brain, highlighting the orthogonality between brain network topography and brain network topology. Although the labels that have been applied to RSFC communities have differed across reports, the pattern of organization has been largely consistent [34] [35] [36] . Furthermore, several of these RSFC-defined communities correspond to brain systems that have been revealed via the analysis of task-related signals and/or patterns of brain damage in patient populations, providing important evidence that the mathematically defined RSFC communities are biologically meaningful. These include systems dedicated to processing incoming sensory information and motor output (visual system, auditory system, organization exhibits large-scale spatial organization in healthy young adults. This organization is highly consistent across different network partitioning methods including clustering (left [35] ) and community-detection (right [34] ). The subnetworks have been labeled according to their correspondence to functional distinctions, several of which are presented in (B). (B) A collection of resting-state subnetworks correspond to functionally distinct systems of the human brain. Visual/spatial attentional systems (dorsal visual/spatial attention in green and ventral visual/spatial attention in blue; [128] ) and task control systems (frontal[ 4 0 1 _ T D $ D I F F ] -parietal control system in yellow and cingulo-opercular control system in black [97] ; figure adapted from [129] ) as defined by analysis of task-evoked activity. The default system defined by taskinduced deactivations of regional activity ( [130] ; figure adapted from [131] ). Visual, auditory, and somatosensory/motor systems highlighted by regional distinctions in patterns of cyto-and myloarchitecture [132] . Inset boxes highlight the spatial correspondence between the colored outlines of regions from specific resting-state clusters and communities observed in (A) and each brain system. While the focus of the figures is largely on cortical regions and their system membership, functional systems also include different subdivisions of subcortical structures and the regions of the cerebellum. (C) A spring-embedding network depiction of young adult resting-state network organization representing interactions between brain regions [34] . In spring-embedded depictions, relationships between nodes are treated as attractive springs which serve to position nodes in space according to their patterns of connectivity. Resting-state functional correlation (RSFC) brain network communities are segregated from one another: nodes, representing brain regions, within a community are densely connected with one another, and nodes in different communities are sparsely connected with one another. Nodes are color-coded by their community membership as in the right panel of (A).
somatosensory/motor systems), and systems involved in more integrative or 'associative' processes (e.g., the frontal[ 4 5 2 _ T D $ D I F F ] -parietal control system, the cingulo-opercular control system, the salience system, the dorsal and ventral attention systems, and the default system; Figure 2B ). Conversely, the presence of other communities revealed by RSFC network analysis are more tenuous and have yet to be firmly aligned with an independently validated system of the brain. There is evidence that some of these 'orphan' communities may correspond to presently unspecified brain systems [37] ; others may be a result of more complex network relationships (e.g., hierarchical organization [36] ) or be related to systematic signal artifacts related to network construction [38] . Keeping in mind these latter sets of observations, I will use the term 'community' to refer to a group of brain regions that are densely connected (or correlated) to one another in a brain network graph, and I will use the term 'system' when referring to a group of brain regions that have been previously associated with a related and dissociable set of cognitive operations in the neuroscience literature.
Inherent in the organization of the RSFC brain network communities is a degree of segregation that can be readily viewed with appropriate data depiction ( Figure 2C ). Similarly to other realworld networks, healthy younger adult functional brain networks exhibit segregated communities (systems) of brain regions that are characterized by dense relationships among brain regions that belong to the same community, and sparser relationships between communities, signifying less interactions between them. Accumulating evidence is revealing the impact of altering the balance of connections [ 4 1 7 _ T D $ D I F F ] (statistical relationships) either via naturally occurring biological processes or by direct manipulation of the network (e.g., either via unanticipated insult or changing demands on the brain). The emerging picture portrays how the segregation of brain systems promotes the function and capabilities of human brain networks.
Segregated Systems Are Important for Brain Network Function
Recent observations have begun to illuminate (i) how system segregation varies across individuals, (ii) the properties associated with maintaining segregated systems in brain networks, (iii) the consequence of disrupting this aspect of network organization, and (iv) the circumstances under which system segregation varies or is altered to support brain function and cognition. In the remaining sections I synthesize a collection of these observations and highlight how they generate novel predictions about brain function and organization.
Variability Related to Age and Cognition There are circumstances when the patterns of connections that support segregated systems are naturally altered or vary across individuals. For example, the strength of RSFC connections within and between brain systems exhibits progressive differences across adulthood, even in the absence of disease ( Figure 3A) . Examination of connectivity patterns across the healthy adult lifespan has revealed that increasing age is associated with decreasing connectivity within systems and increasing connectivity between brain systems [39] [40] [41] [42] [43] [44] [45] [46] . Differences in the number and strength of connections within and between systems can be summarized using metrics that quantify the degree of either modular organization or segregation of the brain network communities themselves (Box 1). Application of these measures to the adult lifespan confirms that increasing age is accompanied by decreasing segregation of brain systems, and also reveals that different types of functional systems exhibit different trajectories of age-related differences in system segregation, suggesting different maturational timelines for different systems ( Figure 3B,C) [39] .
At the other end of the spectrum [ 4 1 8 _ T D $ D I F F ] of age, there is accumulating evidence for changes in the segregation of the functional systems of the brain during brain development, from infancy through young adulthood. While the organization of [ 4 1 9 _ T D $ D I F F ] RSFC brain network communities in early infancy appears to be very different from that of young adults (e.g., being organized into more local, anatomically proximal groups), versions of some of the distributed functional systems of the adult brain may be detectable by the second year of life [47] [48] [49] [50] . Recent evidence suggests that adultlike communities are in place by childhood ( [51, 52] ; for discussion of related issues see [53] ). Maturation from childhood and adolescence through young adulthood is accompanied by a complex pattern of alterations in RSFC relationships. Systems involved in associative operations exhibit increasing connectivity among regions within brain systems and decreasing connectivity between different brain systems (i.e., increasing segregation [52, [54] [55] [56] ), although there is also evidence that there may be unique trajectories of segregation with respect to both different age ranges and different associative systems [51] . Conversely, sensory/motor systems exhibit less differences in segregation over this timeframe [56] . Accordingly, childhood development appears to be broadly associated with the refinement of brain network organization, predominantly characterized by increasing segregation between functional systems involved in associative operations, which presumably relates to their increasing specialization of function.
Despite the somewhat mirrored patterns of system segregation between childhood development and adult aging, it is important to appreciate that distinct processes likely contribute to the progressive changes in brain network organization. Brain development in childhood is predominantly characterized by a phase of rapid learning about the environment that is concomitant with maturation of neuronal structure and function [57] . Learning naturally continues through adult aging; however, this period of life is also accompanied by progressive degeneration of neuronal architecture and, presumably, alterations (compensation) that may offset the ensuing burdens [58, 59] . These differing factors need to be considered when interpreting the similarity between curves that summarize (network) observations across the lifespan.
Box 1. Network Measures are Summary Statistics
Measures of segregation and modularity are summary statistics of the organization of a network. The numbers themselves quantify the degree to which a network is divided into distinct communities, with higher values indicating stronger divisions between the network communities. In many networks the communities themselves are uncertain; there are numerous community-detection algorithms that try to detect the communities, and each [ 4 1 1 _ T D $ D I F F ] algorithm optimizes specific partitioning features for specific purposes [127] . Some of these algorithms attempt to identify partitions of nodes in a way that maximizes the modularity measure.
Modularity is calculated as the fraction of edges that fall within the given communities of a network compared to the expected fraction if the connections were distributed at random across the network (Q [16] ). Segregation is calculated as the difference in mean within-versus between-community connections, relative to the mean within-community connections of a network {Segregation ¼ WithinÀBetween Within
; this measure can be applied to networks where the edges are binary (unweighted) or have a strength associated with them (weighted), and is described further in [39] [133] . Quantification of modularity (calculated as in [16] ) or segregation (calculated as in [39] ) reveals how both network measures can provide a summary statistic of the separation between network communities. Measures of modularity and segregation can occasionally differ given that their calculation summarizes related but different features of network organization. Importantly, networks with very different patterns of community organization can have equivalent summary statistics (e.g., network A and network B have equivalent segregation while network A and network C have equivalent modularity). Conversely, two networks that have qualitatively similar community composition can exhibit differences in measures of modularity or segregation owing to differences in their patterns of within-and between-community connectivity (i.e., compare network B and network C). Relatedly, differences in modularity or segregation can be due to multiple possible differences in the patterns of connections of each network (e.g., decreased segregation can be due to any one or more of the possible components of a network differing in their patterns of connections within/between communities). These important details of the community organization of a network will be missed or misunderstood if not directly examined.
The evidence thus far suggests that, in both advanced aging and early development, there are age-related differences in the segregation of functional systems. Further, different systems exhibit different age-related trajectories in their patterns of segregation (e.g., the segregation of sensory/ motor versus association systems across the lifespan; for an illustration of this in adult aging see Figure 3C ). Accordingly, some of the described patterns parallel observations related to differences in maturation of cognitive ability across different domains (e.g., visual versus executive control, etc. [60] ). Do differences in system segregation directly relate to cognitive function? Emerging evidence suggests a link between the segregation of specific brain systems, defined at rest, and particular cognitive abilities [39, 56, 61, 62] ( Figure 3D ). Within healthy adults, increasing segregation of systems that mediate more integrative or associative operations (as opposed to sensory and motor systems) is associated with superior cognitive ability (i.e., long-term episodic memory, fluid processing); importantly, the relationship between system segregation and cognitive ability persists independently of the influence of age on both measures, providing support for the importance of maintaining segregated brain systems across the lifespan [39, 63] .
Functional Specialization and Heterogeneity of Processing Roles
It is hypothesized that a community-based network organization is central to the functional specialization of each brain system (e.g., Figure 2 ). This same organizing principle gives rise to functional specialization or compartmentalization in many non-brain networks, including airports in the air transportation network, individuals in a social network, and proteins in a metabolic network [64, 65] .
Network nodes are often labeled according to their community assignment; this categorization inherently emphasizes the homogeneity of both node connectivity and node function within a community. This generalization alludes to the redundancy in connectivity that is often present in networks, and which is beneficial in many situations. However, examining the patterns of node connections within a community often reveals heterogeneous patterns of connectivity across the nodes. Nodes occupy different topological positions within their respective communities; these differences can both mediate distinctions in the processing role of the node [64, 66, 67] and can also support the conservation of network 'wiring' costs [ 4 2 0 _ T D $ D I F F ] when network edges represent physical connections [68] . For example, the connections of some nodes are diversely distributed across the network and interact with nodes in communities other than their own (connector nodes [69] ); connector nodes often facilitate interaction between the segregated communities of a network. Conversely, other nodes exhibit connections that are limited to nodes in their own community ('non-connector nodes'). Finally, there are additional patterns of connections that further differentiate nodes from one another (e.g., different types of hubs, peripheral nodes, etc. [64] ). While these latter nuanced distinctions are also important, they are not central to the arguments of this report and I will therefore not focus on them.
The distinctions in the pattern of connections of a brain region have functional consequences [9, 70] . In healthy young adult brains, nodes with RSFC-defined connections that span multiple brain systems (i.e., globally defined connector nodes) are engaged across a wide range of tasks ( Figure 4A ,B) [71, 72] . The diverse connectivity of these connector nodes likely mediates a broader repertoire of function and/or allows them to flexibly integrate and transfer information between distinct functional systems. In support of this hypothesis, distinctions in patterns of node connectivity at rest (i.e., connector nodes vs non-connector nodes) have been shown to relate to distinguishable changes in activity and patterns of connectivity during task performance, wherein connector nodes exhibit involvement across a broader range of tasks relative to non-connector nodes, a property that is consistent with enacting task control [73] . [74] , and there is evidence consistent with this observation in human brain networks as well. Connector and non-connector nodes of the brain exhibit differing patterns and magnitudes of task-related activity in healthy young adults [75] . However, the connector versus non-connector distinctions in both patterns of connectivity and task-related activity are diminished in brain networks that exhibit less system segregation (e.g., in older age [75] ) ( Figure 4C ). Collectively, these observations highlight the heterogeneity in node processing that is observed within functionally RSFC-defined connector nodes have increased acƟvaƟon probability during tasks that engage more brain systems RSFC-defined non-connector nodes have decreased acƟvaƟon probability during tasks that engage more brain systems
Frontoparietal connector and non-connector nodes show less disƟncƟve BOLD acƟvity in the older adult brain network. 'flexibility', whereby their brain-wide RSFC patterns rapidly change in relation to variable task demands relative to other FPN nodes and nodes in other brain systems (adapted from [71] ). (B) Resting-state functional correlation (RSFC)-defined connector nodes exhibit connectivity with multiple systems as compared to non-connector nodes whose connections are largely limited to their own system. Connector nodes are more active during tasks that engage multiple brain systems (right graph), providing evidence for their role in integration. Non-connector nodes do not exhibit this positive relationship (adapted from [72] ). (C) Reduced system segregation results in decreased differences in functional activity between connector and non-connector nodes. Connector (pink nodes of middle panels) and non-connector nodes (black nodes of middle panels) are defined within each RSFC brain system (left panels). Connector nodes of a system exhibit greater connectivity with other brain systems and can be seen on the periphery of each system in the spring-embedding diagrams; in some cases the distinction in topology is difficult to view because of the 2D representation. (Right panel) The functional (BOLD) activity of each node is quantified during a semantic classification task and mapped onto RSFC network organization. In healthy young adults, connector (pink border on inset panel) and non-connector (black border on inset panel) nodes exhibit differing activation in systems relevant to semantic classification processing demands (i.e., the frontal[ 4 0 1 _ T D $ D I F F ] -parietal control system; summarized in the bar graph). Older adults, who exhibit decreased segregation of their systems, demonstrate less distinctive activity across connector and non-connector nodes (adapted from [75] ). specialized brain systems, and reveal how the unique functional roles of distinct nodes may be disrupted with alterations to the segregation of brain systems.
Resilience and Vulnerability to Damage Brain networks that have segregated systems are resilient to particular types of disruption. System segregation can be advantageous [ 4 2 3 _ T D $ D I F F ] when focal damage is inflicted on nodes whose connections are largely limited to other nodes within the same system. Examinations of patients who have suffered damage to a specific brain region (e.g., due to stroke) reveal [ 4 2 4 _ T D $ D I F F ] RSFC alterations that are largely limited to the corresponding brain system of the damaged region [76] [ 4 2 5 _ T D $ D I F F ] but can also include connectivity with regions in other brain systems when they are close topological neighbors of the damaged location [77, 78] . However, in both of these circumstances the large-scale patterns of segregation across the brain network appear to remain largely unaltered. Accordingly, it seems that damage inflicted on a node within a segregated system can result in relatively contained malfunction of the corresponding system while leaving the integrity and function of other systems largely intact.
Importantly, maintaining segregated systems also renders brain networks vulnerable at specific spots; network-wide disruption can follow targeted damage to crucial parts of the brain network or when multiple distributed insults have compounded across the network [79] . When either of these types of damage occur in the brain, there is evidence that the segregation of systems across the brain network are affected. Damage inflicted at connector nodes, or locations that are hypothesized to serve a central role in the integration across distinct brain systems (i.e., hubs), has been shown to decrease measures of RSFC network segregation [80] and also result in widespread cognitive deficits [81] . Because damage to hub locations reduces measures of segregation, it appears that a previously unappreciated function of hub nodes may be in maintaining segregated systems in addition to facilitating integration between them [11] . Conversely, damage to multiple distributed sites also modifies the large-scale network organization of the brain in addition to having system-specific effects. Brain dysfunction that is widely distributed across multiple regions of the brain, either via neurodegeneration (e.g. Alzheimer's disease [82] ) or some forms of psychiatric illness (e.g., schizophrenia [83] ), is associated with reduced segregation of brain systems. It is presently uncertain to what extent this multifocal damage associated with neurodegeneration or psychiatric illness is naturally biased towards RSFC connector nodes or hubs (e.g., [84, 85] , but also see [81] ).
The preceding lines of studies together indicate that sudden or progressive damage to the brain, especially when inflicted at crucial connector or hub locations, is associated with increased RSFC between systems, or decreased segregation. The observation of de-segregation of resting-state functional networks contrasts with descriptions that highlight the disconnection of anatomical networks (i.e., white matter bundles) in relation to both disease [86] and age-related cognitive decline [87] . It remains to be determined whether there are brain regions and/or types of damage wherein the damage results in large-scale disconnection of the functional connectome (left side of Figure 1 ; e.g., for evidence that damage to the hippocampal formation may exhibit these types of effects see [88] , also see [89, 90] ).
Finally, recent observations in patients undergoing cognitive training to remedy impairment following brain damage provide additional support for the necessity of system segregation in supporting cognition. Patients with higher baseline levels of RSFC segregation exhibit the greatest improvements with cognitive training, providing evidence that greater system segregation may be beneficial towards training-related modification of cognitive ability ( [91] ; also see [92] ). In keeping with this, increased RSFC system segregation has also been shown to correlate positively with improvements in therapy, providing evidence for a role of system segregation in behavioral improvement associated with rehabilitation [93] . Altogether, Resting-state networks can be analyzed to reveal non-stationary patterns of organization [94] and there is an ongoing debate as to the source and significance of these dynamics (e.g., see [95] vs [96] ). However, I will focus here on the [ 4 3 0 _ T D $ D I F F ] dynamic brain network changes that accompany stimulus-and task-related processing. In the brain, processing demands vary at multiple timescales ranging from transient changes supporting moment-to-moment processing to more sustained changes that are in service of maintaining present goals or task sets [97] . Examination of changes in connectivity and community organization can also be contextualized with respect to this distinction in timescales. Functional connectivity can be estimated on a trialby-trial basis with respect to differences in stimulus and task processing across trials [98, 99] . [103] , stimulus awareness [104] , autobiographical planning [105] , emotional and motivational processing [106] , integration of information across input modalities [107] , task preparation [108] , and increased cognitive control [109, 110] . Task-related [ 4 3 4 _ T D $ D I F F ] functional connectivity has also been estimated across longer periods of time; the connectivity in these cases represents a combination of signals related to both moment-to-moment processing and also to more sustained changes in processing that extend across the epoch of task execution (e.g., [111, 112] Three observations are important to highlight. First, across several of the aforementioned studies probing the impact of task-related processing on the segregation of brain systems, there is evidence that the decreasing segregation that accompanies task-related processing is specific to a combination of [ 4 3 7 _ T D $ D I F F ] more general task-control regions (e.g., [73, 110] ) and [ 4 3 8 _ T D $ D I F F ] regions in systems that are most relevant to the processing demands of the task (e.g., [100, 116] ). Second, measures of task-related system segregation have also been shown to predict task performance[ 4 3 9 _ T D $ D I F F ] ; however, in the context of task-based connectivity, lesser segregation has been associated with better performance [110, [116] [117] [118] [119] [120] (Figure 5B ). This negative relationship between segregation and online behavioral performance contrasts with the positive relationship reported between resting-state system segregation and offline measures of cognitive ability (e. g., [39] ) ( Figure 3D ). Third, the reduced segregation of task-relevant brain systems that accompanies novel task performance subsides with continued practice, leading towards automaticity in some tasks [121, 122] (Figure 5C ), and providing additional evidence that the segregation of large-scale systems exhibit dynamic changes in relation to processing demands over shorter timescales.
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Together these observations reveal a push-pull dichotomy in the balance of segregation and integration that characterizes the organization of communities in functional brain networks during rest versus during task. While greater resting-state system segregation is associated with superior cognitive ability, effective task performance is best accomplished by a reduction in segregation, or greater integration, of the task-relevant systems that support the processing goals of the task. This juxtaposition fits well with the proposal that resting-state correlations reveal a statistic of regional co-recruitment patterns across the history of task-related processing of an individual [21, 123] . A novel hypothesis that extends from [ 4 4 0 _ T D $ D I F F ] the resting-state and task-related system segregation observations is that resting-state community organization represents an optimized state that has minimized the neural and/or metabolic energy demands (see [28] for a relevant discussion) across the likely set of necessary task-related reconfigurations. Maintaining segregated brain systems at rest allows the brain to rapidly and flexibly reconfigure its distributed systems or individual brain areas in service of any imminent taskrelated processing goals. Effective task performance necessitates greater interactivity between processing nodes that are distributed across multiple brain systems; this is accomplished by the temporary de-segregation of the task-relevant components from their resting-state network organization (a process which may also result in greater segregation between otherwise highly connected components).
Central to our understanding of changes in system segregation and integration in relation to task-related processing is the question of what determines whether and how the brain network adjusts itself to satisfy processing demands. Are dynamic changes to the functional brain network architecture controlled by specific brain network nodes, sets of nodes, or systems [73, 124] ? Recent work has also highlighted the role of ascending neuromodulatory systems [110] and differences in levels of arousal [125, 126] in changes in system segregation not only during task execution but also in the absence of external task demands, respectively. Importantly, theories regarding network controllers and [ 4 4 1 _ T D $ D I F F ] more widespread neuromodulatory state effects are not mutually exclusive. Understanding the mechanism that mediates dynamic network changes will likely require fusing these multiple pieces to elucidate how they relate to one another.
Concluding Remarks
Throughout this article I have reviewed the evidence that demonstrates the presence and importance of maintaining segregated functional systems in human brain networks. Numerous observations obtained in different populations, under different experimental paradigms, and employing varying methodological approaches, have converged to reveal how this simple property of brain network organization relates to unique and fundamental features of brain function.
Brain network science is still in its infancy, and examinations of the brain as a large-scale network are still addressing the primary challenges to describing the constituent elements of brain networks (i.e., nodes and edges) in a biologically meaningful and accurate way [21] .
Debates on how best to model the brain as a large-scale network are abundant, and there seems to be almost as many approaches for parcellating the brain and quantifying its relationships as there are observations about the organization of brain network communities. Despite the differences in approaches that have been used, it is important to point out that the basic principles put forth in the present review have been largely consistent across the recent reports. Continual refinement of existing methods and brain atlases will aid progress towards further understanding the properties and functions of segregated system organization in brain networks (see One of the exciting opportunities that comes with examining the network properties of the brain relates to the type of analysis that this framework affords. Given its quantification of interactions between distributed areas and systems across the expanse of the brain, large-scale network organization offers a potentially informative target for probing the influence of multiple factors (e.g., genetics, lifestyle, environment) and interventions (e.g., pharmaceutics, surgical) that may have network-wide impact and relationships. It is clear that effective brain network function necessitates a fine balance between maintaining distinct but interactive brain systems. Examining the properties and consequences of maintaining segregated large-scale brain systems promises to advance our understanding of the complexities of brain function and organization. What are the mechanisms that dynamically adjust the segregation and integration of brain systems in service of task demands? Is network control implemented using local (e.g., at specific connector nodes and their associated systems) and/or global (e.g., via widespread neuromodulatory signals exerted across the network) solutions?
Is there an optimal regime or configuration of system segregation that supports brain network function? In aging and disease, do the differences in segregation signify compensation for brain network failure? In healthy aging it is clear that some individuals are able to tolerate seemingly comparable brain degeneration more gracefully than others. Do these individual differences relate to differences in the system segregation of an individual or, more generally, in their brain network organization? If so, might those individuals that are able to overcome focal brain damage [ 4 4 4 _ T D $ D I F F ] or harbor greater agerelated neurodegeneration be individuals that exhibit greater fault tolerance of their brain networks? Conversely, might the sudden cognitive decline that is observed in some individuals be best understood as a progression past a critical point (or 'tipping point') of system segregation following accumulating neurodegeneration?
